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Abstract. Very few bird species are able to complete a single long migratory flight. Instead, a far more common strategy
is that birds rest and feed almost every day, accomplishing their journeys in a series of short flights. We evaluated if
White-crested Elaenia (Elaenia albiceps chilensis) displays evidence of en route migratory disposition in the central
Monte desert, Argentina. Recaptures and resights were lower for White-crested Elaenias than for Greater Wagtail-tyrants
(Stigmatura budytoides; resident) and Southern Scrub-flycatchers (Sublegatus modestus; spring-summer visitor). The latter
species showed site fidelity between years, but White-crested Elaenia did not. Percentage of individuals with cloacal
protuberance was similar among the species, but individuals with brood patches were recorded only in Greater Wagtail-
tyrants and Southern Scrub-flycatchers. White-crested Elaenias showed low, medium and high fat stores, while the other
species presented no fat or low fat stores. White-crested Elaenia had a high level of fruit consumption, while the other
species consumed fruits occasionally or not at all. Our results support the hypothesis that the White-crested Elaenia uses
the Monte desert as a stop-over area during its spring flight, and yield novel insights to fill a gap in our knowledge about
the annual cycle of migrant birds in the Neotropics.

Received 5 August 2015, accepted 17 December 2015, published online 10 March 2016

Introduction

The annual cycle of a migrant bird involves breeding and
wintering in different areas and the journeys that interconnect
them. There are very few species that are able to do these trips
on a single long migratory flight. Instead, a far more common
strategy is that birds rest and feed almost every day, accomplish-
ing their journeys with a series of short flights (Newton 2008).
A stop-over site is therefore any place where the birds stop for a
certain amount of time (from hours to days) during migration
(Newton 2008). Nearly a third or more of a migrant’s annual
cycle may be spent in migration (Rappole 2013), and 70% of
that time is spent on stop-over (Alerstam and Lindström 1990),
when energy expended is thought to be high relative to
migratory flight (Wikelski et al. 2003), and mortality may be
substantial (e.g. Sillett and Holmes 2002). Therefore, how well
a migratory bird meets challenges that arise during migration,
inclusive of stop-overs, will have consequences for their survival
and future reproductive success (Moore et al. 2005).

Studies on Neotropical austral migrants (hereafter austral
migrants) have recently increased, although there remain several
gaps in the knowledge of their biology (Faaborg et al. 2010).

In particular, there are little data about their journeys between
breeding and wintering areas. This is in part due to the high
overlap of those areas (Stotz et al. 1996) and the difficulties in
tracking these birds (now partly resolved by development of
low-weight tracking devices such as geolocators, as exemplified
by Jahn et al. 2013). However, some evidence indicates that
austral migrants use stop-over sites in their journeys to breeding
or wintering grounds. For example, in eastern Bolivia, Tropical
Kingbirds (Tyrannus melancholicus) migrating to northern
South America had higher fat accumulation than local residents
(Jahn et al. 2010).

Through a comparative analysis, we evaluated if White-
crested Elaenia (subspeciesElaenia albiceps chilensis) displays
evidence of migratory disposition in the central Monte desert,
Argentina. This species does not appear to breed there
(Mezquida 2002; Blendinger 2005), and this area is located
more than 500 kmaway from the nearest breeding areas found in
Patagonian forests (Capllonch et al. 2011). We analysed
the rate of recaptures and resights, subcutaneous fat stores,
breeding conditions and the frugivore diets of three species
with different residence and breeding status in the Ñacuñán
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Biosphere Reserve, central Monte desert. We evaluated mist-
net data of Greater Wagtail-tyrants (Stigmatura budytoides),
a resident year-round at Ñacuñán (Marone 1992), Southern
Scrub-flycatchers (Sublegatus modestus), an austral migrant
that breeds in the Monte desert (Marone 1992; Mezquida
2002), and the subspecies chilensis of White-crested Elaenia
that commonly breeds in Patagonian forests (Capllonch et al.
2011). Although the journey between breeding and wintering
areas is a key period in the annual cycle of migratory birds, we
know almost nothing about it in austral migrants. Birds en route
commonly show low recapture rates, high fat accumulation,
no breeding condition and high fruit consumption in their
stop-over sites (Newton 2008). Thus, we hypothesise that
White-crested Elaenias use the central Monte desert as a
stop-over site during spring migration, and we predict that it
should exhibit lower rates of recapture or resight, higher fat
scores, no brood patch or cloacal protuberance, and a diet
richer in fruits relative to Southern Scrub-flycatchers and
Greater Wagtail-tyrants.

Methods

Study site

We conducted the study in the open Algarrobo Dulce (Prosopis
flexuosa) woodland located in the Biosphere Reserve of
Ñacuñán, central Monte desert, Argentina (34� 030 S, 67�

540 W). This habitat has a tree stratum composed of scattered
Algarrobo Dulce and Chañar (Geoffroea decorticans) trees within
an extensive tall shrub stratum dominated by Jarilla Hembra
(Larrea divaricata). The herbaceous stratum is dominated by
perennial grasses. The climate is dry and temperate, with a mean
annual precipitation of 349mm (n=31 years, 1972–2002). More
than 75% of the annual rainfall occurs in the warmer months
(October–March), which coincides with the growing season.
Therefore, spring and summer are warm and rainy (269mm),
whereas autumn and winter are cold and dry (80mm), although
precipitation varies widely among years.

Bird sampling

We conducted capture and observational surveys during spring
(late November and early December) from 2004–2008. We
banded birds (with numbered aluminium and colour bands) that
had been captured using 30 nylon mist-nets (12m� 3m, 38mm
mesh size) located on a permanent 10 ha plot. Nets were installed
50m apart in three parallel lines. During each sampling period
nets were opened for 4–5 h after sunrise on six consecutive days,
provided that weather conditions were not adverse (i.e. not rainy,
windy or extremely cold or hot). After net sampling, we con-
ducted intensive daily searches for colour-banded birds in the
permanent 10 ha study plot and 50–100m beyond its boundaries
(a minimum total search area of 18 ha). Searches were conducted
during the first 4 h after sunrise and the last 2 h before sunset, for
a minimum of 10 days and until we had not seen any new banded
individuals after searching for 10 h.

For each captured or recaptured individual we recorded
subcutaneous fat stores, size of the cloacal protuberance, and
development status of the brood patch. We assigned a fat class
on the basis of the following fat accumulation in the furculum
and abdomen (see Ralph et al. 1993): no fat (0); less than 5% of

fat in furculum and no fat in the abdomen (1); a thin layer in the
furculum that covers less than 33% and small traces in the
abdomen (2); fat covers 50% of the furculum and does not cover
all the area of the abdomen (3); fat covers 75% of the furculum,
is slightly mounded, with a thin layer covering the abdomen (4);
fat covers the furculumand the fat in the abdomen ismounded (5);
furculum and abdomen are greatly mounded (6); and large fat
pads in the furculum and abdomen meet (7). Following recom-
mendations in Ralph et al. (1993) the cloacal protuberances
were categorised as: none (0); small (1); medium (2); and large
(3). The brood patch development was categorised as follows:
no brood patch present (0); smooth skin (1); vascularised (2);
and wrinkled (3).

We assessed the frugivorous fraction of the diet of birds by
counting fruit seeds and remains of the pericarp of fleshy fruits
in the digestive tract of mist-netted individuals. We obtained
the content of the digestive tract by using the flushing method,
which allows the effective collection of different food items
(Rosenberg and Cooper 1990). We preserved all tract contents
in alcohol, and different fruit itemswere taxonomically identified
and sorted in the laboratory under a dissecting microscope.
Since our goal was to depict the frugivorous fraction of the
diet, remains of arthropods were not considered in analyses.
The contribution of fruits of every plant species to the diet was
expressed as the percentage of samples with fruit remains
(seeds or pericarp) in relation to the total number of digestive
tracts for each bird species. We counted the number of fruit
seeds in each digestive tract, and averaged the values across all
individuals for each bird species.

Statistical analysis

We used Chi-square Analysis of Contingency Tables (Agresti
2002) to evaluate whether subcutaneous fat stores, size of the
cloacal protuberance, and development of the brood patch were
independent of bird species. The test should not be used if
expected frequencies are lower than 5 (Agresti 2002); therefore,
the original categories of each variable were reorganised to do
the tests. Fat stores were categorised into four classes: none (0);
light (1 and 2); medium (3 and 4); and heavy (5, 6 and 7). Cloacal
protuberancewas categorised as absent (0) or present (1, 2 and 3),
and brood patch was categorised as absent (0) or present (1, 2
and 3).

Results

We captured 96 White-crested Elaenias, 41 Southern Scrub-
flycatchers and 43 Greater Wagtail-tyrants. The recapture and
resight percentage within sampling periods was lower for White-
crested Elaenia (2%) than for Southern Scrub-flycatcher (24%)
and Greater Wagtail-tyrant (46%). We never recaptured or
resighted aWhite-crested Elaenia after the day of its first capture,
though we had recaptures during the same day. Individual
B004161was captured 1December 2005 at 730 h and recaptured
at 1130 h at 350m from its first capture location, and individual
B004505was captured 1December 2006 at 700 h and recaptured
at 830 h at 50m from its first capture location. Furthermore,
during the 10-day period that we searched for colour-banded
individuals we did not resight anyWhite-crested Elaenia, nor did
we recapture or resight anyWhite-crested Elaenia between years.
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In contrast, 21% of Southern Scrub-flycatchers and 40%
of Greater Wagtail-tyrants were recaptured or resighted in
different years.

Fat store level differed among species (X2
6 = 35.11,

P < 0.0001). White-crested Elaenia showed a wide range of
values, including individuals with heavy fat stores as well as
without fat (Fig. 1). In contrast, more than 60% of Southern
Scrub-flycatcher and Greater Wagtail-Tyrant individuals had
no subcutaneous fat and the rest only showed low fat store
values (Fig. 1).

The presence of a developed cloacal protuberance was inde-
pendent of bird species (X2

2 = 4.37, P= 0.11, Fig. 2a), while
the presence of a brood patch depended on the bird species
(X2

2 = 102.59, P < 0.0001). More than 50% of Southern Scrub-
flycatchers and 80% of Greater Wagtail-Tyrants showed devel-
oped brood patches, no White-crested Elaenias were captured
in that condition during our study (Fig. 2b).

We evaluated the frugivore diet of 55White-crested Elaenias,
20 Southern Scrub-flycatchers, and 9 Greater Wagtail-tyrants.
White-crested Elaenias and Greater Wagtail-tyrants consumed
fruits, and in all cases we only found seeds and pericarp remains
of Lycium spp. In digestive tracts of Southern Scrub-flycatchers
we did not find remains of fleshy fruits. We found fruit remains
in 56% of the digestive tracts of White-crested Elaenias and in
33% of Greater Wagtail-tyrants. The average number of Lycium
spp. seeds in digestive tracts of White-crested Elaenias was 21.5
seeds (range 1–122) while for Greater Wagtail-tyrants it was 5.0
seeds (range 3–6). Considering that an average Lycium spp. fruit
has 18.5 seeds (range 4–41, J. Lopez de Casenave, unpubl. data),
the maximum number of seeds found in digestive tracts suggests
that White-crested Elaenia actively consumed fruits, whereas
Greater Wagtail-tyrant consumed them occasionally.

Discussion

White-crested Elaenias in the central Monte desert exhibited
features commonly associated with spring passage migrants that

are using stop-over sites to rest and feed (Newton 2008; Rappole
2013). In contrast to migratory Southern Scrub-flycatchers and
resident Greater Wagtail-tyrants, White-crested Elaenias did not
show sitefidelity between years and appeared to remain at the site
only briefly. Our results on fat stores also support the hypothesis
that White-crested Elaenias pass through the central Monte
desert, and use this zone for stop-over during spring migration.
Almost all breeding residents andmigrants that breed at the study
site lack fat accumulation; in contrast, White-crested Elaenia
exhibited high heterogeneity in fat stores. Capllonch et al. (2011)
also reported White-crested Elaenias with high fat accumulation
during spring in several Monte desert localities, and the same
pattern was observed in Fray Jorge National Park, Chile (Pyle
et al. 2015). These results suggest that White-crested Elaenias on
spring migration through the Monte desert and central Chile are
‘refueling’ during their journey to the main breeding grounds in
Patagonia.

Many songbirds switch from feeding on insects to fruits
during their migration (Parrish 1997). As has been suggested,
high consumption of fruits by birds en route plays an important
role in determining the energetic performance during migratory
flight (McWilliams et al. 2004). Our results indicate the impor-
tance of Lycium spp. fruits in the diet of White-crested Elaenias,
and consumption of these fruits may help accumulate fat to fuel
their migration. Williamson (1975) also reported high consump-
tion levels of fruits in spring migrating White-crested Elaenias
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Fig. 1. Percentage of individuals of White-crested Elaenia (Elaenia
albiceps chilensis), Southern Scrub-flycatcher (Sublegatus modestus), and
Greater Wagtail-tyrant (Stigmatura budytoides) with each fat store class in
spring at Ñacuñán Biosphere Reserve, central Monte desert, Argentina. Class
I: no fat stores; Class II: light fat stores; Class III: medium fat stores; and
Class IV: heavy fat stores. For more details see Methods.
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Fig. 2. Percentage of individuals of White-crested Elaenia (Elaenia
albiceps chilensis), Southern Scrub-flycatcher (Sublegatus modestus), and
Greater Wagtail-tyrant (Stigmatura budytoides) with cloacal protuberance
(a) and brood patch (b) in spring at Ñacuñán Biosphere Reserve, central
Monte desert, Argentina.
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in La Pampa Province, Argentina. However, White-crested
Elaenia also has high consumption of fruits at its breeding sites
(Amico and Aizen 2005; Bravo et al. 2015). Therefore, fruits
appear to be a general part of its diet, and in contrast to other
migrant songbirds, frugivory would not be a special condition
during migration.

During the study we did not capture any White-crested
Elaenia with a brood patch. This is clear evidence that the species
does not breed in theMonte desert, as was indicated byMezquida
(2002) and Blendinger (2005), and supports our hypothesis that
White-crested Elaenias use this zone for stop-over during spring
migration. In contrast, captures of White-crested Elaenias with
a cloacal protuberance in a similar percentage to that of residents
and migrants that breed at the study site did not support our
expectations. This could be associated with a male strategy of
being prepared for reproduction when arriving on the breeding
grounds, as has been observed in several migrant species (Quay
1985). Cloacal protuberance development may therefore not be
a key factor to indicate whether a bird is using a site to breed or
is en route to the breeding area.

In summary, our results support the hypothesis that White-
crested Elaenia uses the central Monte desert as a stop-over area
during spring migration to its main breeding grounds in the
Patagonian forests. Notwithstanding, there is a need for more
studies on this species in the Monte desert. In particular, we need
to know the length of the stop-over, whether birds gain weight
and fat during stop-over, and whether they use the same strategy
on fall migration.
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